Abstract. Osteosarcoma (OS) is the most common malignant tumor in bones. Although the five-year survival rate has improved to ~60% for patients without metastasis, the prognosis remains poor for patients with metastatic OS. Epithelial cell transforming sequence 2 (ECT2) has been shown to act as an oncogene in human malignancies. More recently, ETC2 was shown to be involved in the development and progression of OS; however, the detailed role of ECT2 in the regulation of cellular biological processes in OS cells remains largely unknown. Therefore, it was investigated in the present study. It was found that the expression of ECT2 was notably increased in OS tissues when compared with that in matched normal adjacent tissues. Furthermore, it was established that the downregulation of ECT2 induced by transfection with ECT2-specific small interfering RNA effectively inhibited OS cell proliferation and induced cell apoptosis. Further investigation revealed that the inhibition of ECT2 expression suppressed OS cell migration and invasion, indicating that the overexpression of ECT2 promotes OS cell migration and invasion, while. In addition, western blotting results indicated that matrix metalloproteinases 2 and 9 may be involved in the ECT2-mediated OS cell invasion. In conclusion, the current study suggested that ECT2 acted as an oncogene in OS, and it may become a promising therapeutic target for the prevention and treatment of OS.
Introduction
Osteosarcoma (OS) is the most common malignant tumor of bone with a morbidity of ~5 cases per million. The prognosis with OS has improved following multi-agent chemotherapy, with a five-year survival rate at ~60% for patients without metastasis; however, the survival rate is poor for patients with metastatic OS (1) . As dysfunctions of oncogenes or tumor suppressors are closely associated with the progression of OS, the development of effective molecular targets may show promise in the treatment of OS (2) .
Epithelial cell transforming sequence 2 (ECT2), a guanine nucleotide exchange factor (GEF), is associated with Rho-specific exchange factors, and it has been shown to be involved in the regulation of cell cycle progression and cytokinesis (3, 4) . It has also been suggested that ECT2 acts as an oncogene in human malignancies (5, 6) . For instance, Murata et al (7) found that an abnormality in ECT2 occurred at a relatively early stage of lung adenocarcinogenesis, and suggested that ECT2 may be used as a novel biomarker for predicting the outcome of patients with lung adenocarcinoma. More recently, ECT2 was reported to be involved in OS (8, 9) . Zhang et al (9) demonstrated that the messenger RNA (mRNA) expression level of ECT2 was increased in OS tissues compared with that in non-cancerous bone tissues, and was negatively correlated with the expression level of microRNA (miR)-223, which could bind to the 3'-untranslational region of ECT2 mRNA and thus suppress its protein expression. Additionally, it was found that the combined miR-223 downregulation and ECT2 upregulation was significantly associated with high tumor grade, poor response to chemotherapy, positive metastasis, recurrence of OS and poor prognosis, suggesting that the combined miR-223 downregulation and ECT2 upregulation may be used as a marker of poor prognosis in OS (9) . Another study (8) investigated the role of miR-223 in the regulation of OS Saos-2 cell proliferation and cell cycle progression, and suggested that miR-223 was a tumor suppresser in OS and miR-223/ECT2 signaling had an inhibitory effect on OS cell cycle progression and proliferation; however, the detailed role of ECT2 in the regulation of OS cell biological processes, particularly for cell invasion, remains largely unknown.
The present study aimed to explore the role of ECT2 in the regulation of cell proliferation, apoptosis, migration and invasion in OS cells.
Materials and methods
Tissue specimen collection. The present study was approved by the Ethics Committee of Central South University (Changsha, China) and written informed consent was obtained. Eight primary OS samples and their normal matched adjacent tissues were collected at the Department of Orthopedics, Xiangya Hospital of Central South University. Tissues were immediately snap-frozen in liquid nitrogen following surgical removal.
Cell culture. Human OS cell lines, Saos-2, MG63 and U2OS, as well as human osteoblast cell line hFOB1.19 were obtained from the Cell Bank of Central South University. Cells were cultured in RPMI-1640 medium with 10% fetal bovine serum (FBS) at 37˚C in a humidified incubator containing 5% CO 2 .
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis. Total RNA was extracted from tissues or cells using TRIzol ® (Life Technologies, Carlsbad, CA, USA), in accordance with the manufacturer's instructions. Expression of mRNA was examined using the standard SYBR Green RT-PCR kit (Takara, Otsu, Japan), in accordance with the manufacturer's instructions. The specific primer pairs were as follows: ECT2, sense: 5'-ACTACTGGGAGGACTAGCTTG-3'; and antisense: 5'-CACTCTTGTTTCAATCTGAGGCA-3'; glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as an internal reference, sense: 5'-GGAGCGAGATCCCTCCAAAAT-3'; and antisense: 5'-GGCTGTTGTCATACTTCTCATGG-3'. The relative expression of mRNA was quantified using a 2 -ΔΔCt method. The amount of RNA analyzed per assay was 1 µg. The reaction was conducted in an ABI 7500 thermocycler (Life Technologies, Carlsbad, CA, USA).
Transfection. Cells were cultured to 70% confluence and resuspended in serum-free medium. Lipofectamine 2000™ (Life Technologies) was used to perform transfection according to the manufacturer's instructions. Three groups of cells were established: Control group, cells cultured without any transfection; negative control (NC) group, cells transfected with non-specific small interfering RNA (siRNA); and ECT2 siRNA group, cells transfected with ECT2 siRNA. The siRNA was control siRNA-A (sc-37007; Santa Cruz Biotechnology, Dallas, TX, USA) and Ect2 siRNA (h) (sc-35259; Santa Cruz Biotechnology), respectively. Briefly, siRNA and Lipofectamine 2000 were diluted with serum-free medium. The diluted Lipofectamine 2000 was added to the diluted siRNA and incubated for 20 min at room temperature, and then added into the cell suspension. The cells were then incubated at 37˚C and 5% CO 2 for 6 h. Subsequent to that, the medium in each well was replaced by the normal serum-containing medium, and cultured for 24 h prior to the following assays.
Western blotting. Tissues or cells were solubilized in cold radio-immunoprecipitation assay lysis buffer. Proteins were separated with 12% SDS-PAGE, and transferred onto a polyvinylidene difluoride (PVDF) membrane, which was then incubated with Tris-buffered saline-Tween ® containing 5% milk at room temperature for 3 h. The PVDF membrane was then incubated with the primary antibodies rabbit anti-ETC2 polyclonal antibody (1:100; ab123571; Abcam, Cambridge, MA, USA), rabbit anti-matrix metalloproteinase (MMP) 2 monoclonal antibody (1:50; ab51125; Abcam), rabbit anti-MMP9 polyclonal antibody (1:50; ab38898; Abcam). and rabbit anti-GAPDH monoclonal antibody (1:50; ab181602; Abcam) at room temperature for 3 h. Following washing three times with phosphate-buffered saline-Tween (PBST), the membrane was incubated with goat anti-rabbit IgG secondary antibodies (1:50; ab175781; Abcam) at room temperature for 40 min. Chemiluminescent detection was performed using an electrochemiluminescence kit (Pierce Chemical, Rockford, IL, USA). The relative level of protein expression was analyzed using Image-Pro plus software (version 6.0; Media Cybernetics Inc., Rockville, MD, USA), and is represented as the density ratio versus GAPDH.
MTT assay. An MTT assay was used to evaluate the cell proliferation. Cells in each group were cultured in 96-well plates, where each well contained 100 µl fresh serum-free medium with 0.5 g/l MTT. Following incubation at 37 °C for 6, 12, 24 and 48 h, the medium was removed by aspiration and 50 µl DMSO was added to each well. After incubation at 37 °C for a further 10 min, the absorbance of each sample at 570 nm was measured using a microplate reader (Bio-Rad, Hercules, CA, USA).
Apoptosis analysis. Flow cytometry (BD AccuriC6; BD Biosciences, Franklin Lakes, NJ, USA) was used to determine the cell apoptosis with an Annexin V-FITC Apoptosis Detection kit (Sigma-Aldrich, St. Louis, MO, USA), according to the manufacturer's instructions. Cells were harvested and washed with cold phosphate-buffered saline (PBS) twice. Subsequent to that, 1x10 6 cells were resuspended in 200 µl binding buffer, 10 µl Annexin-V-FITC and 5 µl PI-PE were added, and the cells were incubated in the dark for 30 min. Then, 300 µl binding buffer was added followed by flow cytometric assay.
Transwell assay. Cell migration and invasion were analyzed by performing Transwell assays. A Corning ® BioCoat™ Matrigel ® Invasion Chamber with an 8.0-µm PET membrane (Corning, Tewksbury, MA, USA) and Falcon ® HTS 24 Well Multiwell Permeable Support system with an 8.0-µm High Density PET Membrane (Corning) were used to investigate cell invasion and cell migration, respectively. In brief, cells were washed in cold-PBS, harvested and resuspended in serum-free Dulbecco's modified Eagle's medium (DMEM). For the invasion assay, 5x10 4 cells were added into the upper chamber, which was pre-coated with Matrigel. For the migration assay, 5x10 4 cells were added into the upper chamber, which was not pre-coated with Matrigel. Serum-free DMEM was then added to the upper chamber and DMEM medium containing 10% FBS as the chemoattractant was added to the lower chamber Following incubation for 24 h at 37℃ with 5% CO 2 , cells attached to the bottom of the membrane were fixed with 3.7% formaldehyde and then stained with crystal violet staining solution for 20 min. A cotton swab was used to remove the cells that had not passed through the membrane. Five fields of the lower surface of the membrane were randomly selected under microscopy, and the cells on it were counted. 
Results

Expression of ECT2 is notably increased in OS tissues and cell lines.
To explore the role of ECT2 in OS, RT-qPCR was performed to determine the mRNA expression level of ECT2 in OS tissues as well as their matched normal adjacent tissues. As shown in Fig. 1A , the expression of ECT2 was notably upregulated in OS tissues, when compared with that in normal adjacent tissues. The expression of ECT2 in the three OS cell lines Saos-2, MG63 and U2OS was also examined. As shown in Fig. 1B , the expression level of ECT2 was increased in the OS cells compared with that in the normal osteoblast cell line hFOB1.19.
SiRNA-induced ECT2 downregulation inhibits OS cell proliferation.
To further investigate the role of ECT2 in the regulation of OS cell proliferation, MG63 OS cells were transfected with ECT2-specific siRNA. Following transfection, the effect of ECT-specific siRNA on the expression of ECT2 in MG63 cells was determined. As shown in Fig. 2A , ECT2-specific siRNA significantly inhibited ECT2 protein expression in MG63 cells, indicating that the transfection efficiency was successful. An MTT assay was then performed to evaluate the proliferation of the cells. As shown in Fig. 2B , following transfection with ECT2-specific siRNA, the cell proliferation was notably reduced compared with that of the cells that did not undergo any treatment. This indicates that the siRNA-induced downregulation of ECT2 inhibited OS cell proliferation.
SiRNA-induced ECT2 downregulation promotes OS cell apoptosis. The effect of siRNA-induced ECT2 downregulation on MG63 cell apoptosis was then explored. As shown in Fig. 3 , the cell apoptosis level was notably upregulated following transfection with ECT2-specific siRNA in MG63 OS cells, suggesting that siRNA-induced ECT2 downregulation promoted OS cell apoptosis.
ECT2 plays a promoting role in the regulation of OS cell migration and invasion.
The role of ECT2 in the regulation of OS cell migration and invasion was also investigated. As shown in Figs. 4A and B, following the downregulation of ECT2 induced by siRNA, the cell migration and invasion were significantly decreased, when compared with those of control MG63 cells without any treatment. These data suggest that ECT2 plays a promoting role in the regulation of OS cell migration and invasion. Furthermore, the protein level of MMP2 and -9 in MG63 cells with or without transfection with ECT2-specific siRNA was examined. The data showed that siRNA-induced ECT2 downregulation led to a decrease in the protein levels of MMP2 and -9 in MG63 OS cells, suggesting that they were involved in the ECT2-mediated MG63 cell invasion (Fig. 4C) .
Discussion
Although the five-year survival rate of patients with OS has improved, there remains a risk of relapse or metastasis even following curative resection. At the molecular level, most OS shows a marked alteration of gene expression profile; therefore, understanding the deregulation of oncogenes will be helpful in developing effective strategies for the treatment of OS (1). In the present study, the expression of ECT2 was shown to be significantly upregulated in OS tissues and cells compared with their matched normal adjacent tissues. The data further indicated that ECT2 played an oncogenic role in OS in vitro by promoting OS cell proliferation, migration and invasion, while inhibiting OS cell apoptosis. ECT2 is a GEF for the Rho family of GTPases associated with cytokinesis (3). GEFs are able to activate the Rho GTPases in signal transduction, through catalyzing the exchange of guanosine diphosphate (GDP) for guanosine triphosphate (GTP). It has been reported that the copy number of ECT2-located 3q26 frequently increases in several cancers including head and neck, lung and cervical cancer, suggesting that a genomic imbalance may contribute to the upregulation of ECT2 in OS (10, 11) . ECT2 has been considered to play an oncogenic role in several malignant tumors, including ovarian cancer, retinoblastoma, pancreatic ductal adenocarcinoma, cervical and colorectal cancers, oral squamous cell carcinoma, as well as OS (9, (12) (13) (14) (15) (16) (17) . In the present study, it was shown that the expression of ECT2 was significantly upregulated in OS tissues when compared with that in normal adjacent tissues. In addition, its expression was also upregulated in three OS cell lines. These data indicated that ECT2 played an important role in the development and progression of OS. The data were consistent with another study where the mRNA expression level of ECT2 was increased in OS tissues compared with noncancerous bone tissues (9); however, little is known about the mechanism of ECT2 in OS. To determine whether ECT2 function is relevant to OS progression, ECT2-specific siRNA was used to inhibit the expression level of ECT2 in OS cells. It was found that cell proliferation, migration and invasion were significantly reduced and cell apoptosis upregulated, suggesting that ECT2 was associated with OS progression.
It has been well-established that activated Rho GTPases are able to activate downstream effectors and influence numerous cellular biological processes, including cell survival, apoptosis, cell cycle progression and membrane trafficking, and they often cause tumorigenesis (18, 19) . The role of ECT2 upregulation in other cancers has been widely demonstrated (9, (12) (13) (14) (15) (16) (17) ; however, these studies mainly focused on its effect on cell cycle progression. For instance, Iyoda et al observed that ECT2 was notably upregulated in oral squamous cell carcinoma, and that the inhibition of ECT2 caused cell cycle arrest at the G1 phase, accompanied by the upregulation of the cyclin-dependent kinase (CDK) interacting protein/kinase inhibitory protein family of CDK inhibitors, as well as downregulation of cyclin D1, cyclin E and CDK4 (17) . In the current study, it was shown that siRNA-induced ECT2 inhibition notably suppressed OS cell proliferation while promoting OS cell apoptosis. ECT2 has also been found to be involved in the regulation of cell cycle progression in OS cells. Xu et al (8) demonstrated that the downregulation of ECT2 in OS cells caused by miR-223 induced the arrest of cell cycle progression at the G1 phase, as well as the upregulated expression of p21 and p27, which are involved in the G1 blockade. Accordingly, it is suggested that the inhibition of cell proliferation and upregulation of cell apoptosis caused by siRNA-induced ECT2 downregulation may largely be attributed to cell cycle arrest.
Several studies have suggested that ECT2 participates in the regulation of cancer cell migration and invasion. For instance, ECT2 has been reported to be involved in the regulation of cell migration and invasion in glioblastoma cells, and depletion of ECT2 by siRNA has been demonstrated to suppress glioblastoma cell migration and invasion (4, 20) . Sano et al (21) also found that ECT2 siRNA inhibited glioma cell invasion. In addition, another study reported that ECT2 played a role in the regulation of cell invasion in non-small cell lung cancer cells (22) . To the best of our knowledge, the role of ECT2 in the regulation of cell migration and invasion, has never been reported in OS cells. In the present study it was shown that siRNA-induced ECT2 downregulation also notably inhibited OS cell migration and invasion, and the data suggested that MMP2 and -9 may act as downstream effectors in ECT2-mediated OS cell invasion. The role of ECT2 in OS cell invasion was, therefore, highlighted, and it may be associated with OS metastasis.
In conclusion, the expression of ECT2 was found to be significantly increased in OS tissues and cells. Additionally, the data demonstrated that ECT2 promotes cell proliferation, migration and invasion in OS cells. Accordingly, ECT2 may serve as a potential molecular target for the prevention and treatment of OS.
